F    
Bas was the second son of Antoni Basinski and Maria Zofia Anna Hilferding Basinska. He also had a younger sister and brother. Antoni could trace his ancestry for several centuries through minor nobility that was often impoverished but most recently so by his father's efforts to educate all of his 12 children. The Hilferdings descended from the Livonian Knights-an order of monks set up after the Reformation-but neither Maria nor her father exercised their ancient title. Maria's known maternal ancestry stretched back even further, to a knight of King Boleslaw in the tenth century. After the death of her mother, the young Maria was sent to a Hilferding uncle in Tiflis and thus became fluent in Russian, which was to prove of crucial value in critical times. Antoni was Chief of Chancellery in the Lyceum of Krzemieniec, the best school in the then Eastern Poland and the one that Bas attended. The boy's independent and adventurous spirit was already exerting itself. At the age of four he managed for several hours to escape from his nanny and explore the surrounding countryside; at five he wandered off again and joined some gypsies; at seven he had to be rescued by the fire brigade after evading his brother's wrath by removing some tiles to gain access and a precarious refuge on the roof of their four-storey house; at nine he terminated an enforced stay with some unduly authoritarian relatives by stealing off at dead of night and taking a train halfway across the country.
After the sinister Hitler-Stalin pact and the disruption of Poland, the region was occupied by Russians. Antoni Basinski refused to supply them with personal details of people they were interested in, was arrested, sent to Lubyanka prison and was never heard from again. In the middle of an April night in 1940, Maria and the four children were deported, with half an hour's notice to gather up some possessions. With many other Poles they were herded, in standing groups of 50 or 60, into cattle trucks and sent on a three-week rail journey to the North Kazakhstan steppe. For the next two years they lived in disused nomadic huts shared with Russians who had been exiled there many years before. Bas and his brother were mostly occupied tending some spindly cows and cutting weeds for winter fuel. They were largely selftaught but the local blacksmith, who had made his own lathes and whom Bas befriended, gave him some lessons in repairing cooking pots. He discovered how to fix the badly leaking buckets, which were used to carry water from considerable distances, by plugging up the holes with nails used as rivets. These early experiences of metal plasticity clearly sank in. He also read over and over again a Russian book on elementary physics that had been given to Maria on the train.
In the late spring of 1942 the Russians released their Polish prisoners under an amnesty with permission to form an army. Because each recruit could bring just one dependant, Bas at the age of 14, together with his elder brother and mother, all enlisted, taking the youngest two with them. After further remarkable adventures, including Maria's walk of many miles for sour apples to rescue Bas from a near-fatal dose of dysentery, the whole family escaped from Russia. The older brother was transferred direct to flying duty in India and all the others spent the next five years in Palestine. After some solid cramming, Bas was able to get into the Polish army cadet school in Camp Barbara for part-time high-school-level instruction in Polish language and literature, and Latin and mathematics, but no science beyond a little chemistry.
O  B
Bas reached England in 1947, just two weeks before the beginning of term, and tried to get into university. Caius College, Cambridge, could do nothing for him but Freddie Brewer at Oxford agreed to take him as a student in chemistry if he could find a college. This was achieved when he became the only lay member of Campion Hall. The metallography laboratory of William Hume-Rothery, F.R.S., provided the scene for his Part II chemistry and DPhil research as well as for his meeting with Sylvia. With his research supervisor, Jack Christian, who was only two years older and more theoretically inclined, Bas formed a very effective research partnership as well as an enduring friendship. Their structural studies of phase transitions in manganese-copper gave Bas ample scope to develop his penchant for equipment design and construction. The resulting X-ray camera, operating up to 1250°C under 2 atmospheres of hydrogen, was used (1)* to determine the structures and transition * Numbers in this form refer to the bibliography at the end of the text.
temperatures of the volatile and reactive γ-and δ-manganese. Fifty years later, the papers on manganese-copper and indium-thallium alloys are still frequently cited for their relevance to mechanical damping and shape memory effects.
Being unable, largely because he lacked a British grandparent, to get a suitable job in England, Bas accepted an offer from Massachusetts Institute of Technology (MIT). The welldressed figure to whom he first presented himself on arrival proved to be the laboratory technician. His scruffily coated companion working at a lathe was Professor Sam Collins, the brilliant designer of the Collins liquefier and perhaps the only person with mechanical skills ever able to surpass the Russian blacksmith in Bas's estimation. Bas was allowed to work on anything he liked but, with Collins's encouragement and a supply of liquid helium that was prodigal by UK standards, built the first version of his tensile testing machine, which was for many years the only one able to work at 4.2 K. His early deformation experiments (2) then revealed below 50 K a marked instability of plastic flow induced by low heat capacity and low thermal conductivity. Adiabatic temperature rises of up to 80 K were measured in local regions and linked to an enhanced rate of deformation or sudden load drop. Once again a resonance is struck with currently fashionable themes such as intermittent strain bursts and self-organized criticality. More immediately, these experiments perhaps kindled his interest in the competing effects on the plastic flow stress of a rise in temperature and an increased strain rate.
R  C
After almost two years at MIT, Bas received through Bill Pearson (a well-known crystallographer who had been roughly contemporary with Basinski as a research student in Hume-Rothery's Oxford laboratory) an invitation to visit the National Research Council (NRC) in Ottawa. There he fell into discussion with Keith MacDonald (F.R.S. 1960), and Sydney Dugdale (an Oxford physicist who became MacDonald's right-hand man at the NRC) about perpetual-motion machines and immediately embarked on the construction of one, tying up much of their workshop facilities. Predictably it did not work but the analysis occupied MacDonald and Dugdale for several days and they were so impressed that anyone would set out to build such a thing that they instantly offered him a job. In the NRC Pure Physics Division, Bas found a laboratory greatly to his taste. Long-range research was adequately if not lavishly funded, with excellent workshop, electronics and library support. His scant regard for normal workshop conventions caused temporary consternation but he could pursue his research without teaching or other serious duties and with a minimum of bureaucracy. Initially he was a lone worker on metal plasticity but exploited his close contact with a lively group of low-temperature physicists. The benefits of this collaboration flowed in both directions, particularly in the use of exceptionally well-characterized crystals for resistivity measurements with Dugdale.
In this benign situation, the characteristic features of Bas's research style flowered. With Wally Fisher he built up a formidable crystal-growing facility. He perfected his straining equipment (see White 1959 ) with many unique features and operating over the whole temperature range between 4.2 and 500 K. With optical and electron microscopes he laid the foundation for unsurpassed crystal characterization facilities. There was never the slightest hesitation in effecting often radical improvements to such off-the-shelf equipment, including the re-machining of crucial parts. To explore the possibility of transmission microscopy of thicker samples at low temperatures, for instance, the Siemens IA electron microscope was modified for operation with liquid helium during a few summer weeks in 1962. Later on, significant hardware as well as software modifications to a PDP9 computer expedited the dislocation simulation work. Possibly the only project never brought to fruition was his construction, more or less single-handed, of a 300 kV transmission electron microscope, for which the NRC failed to produce the funds previously promised for the power supplies. For several years, however, the route to Bas's basement laboratory negotiated an obstacle course of large soft iron ingots waiting to be machined into magnetic lens polepieces.
With these technical resources and his own formidable expertise, both systematically developed over many years, Bas put his own stamp on a whole range of topics in the general field of metal plasticity. Quite frequently a subject such as twinning, long since laid aside, would be reopened (27) because of some fresh stimulus or new technical opportunity. In addition to the ability to reassemble the necessary equipment quickly in working order, the close personal involvement that Bas always maintained with the laboratory bench and his formidable memory were crucial factors here. A typical university researcher working through a team of research students might sometimes launch into a new area more quickly, but the ability to revisit old experimental topics efficiently after an interval of, say, 10 years is very rare. The stream of research students might have been absent at the NRC but was largely compensated for by a postdoctoral programme that brought in some able and usually welltrained young people for two-year periods. A few of these postdoctoral fellows, notably Roger Foxall and Mike Duesbery, stayed on as permanent staff members. In 1965 Sylvia was able to transfer from the Department of Mines and Technical Surveys to the NRC. Instead of being merely an informal night-time researcher released from family duties by a resident mother-inlaw, she worked alongside Bas in all aspects of his laboratory work. Experiments no longer had to be repeated because the first set of results had been lost! She also underpinned the writing of several deeply researched and comprehensive reviews profusely illustrated with their own unpublished results.
These highly productive years in Ottawa were interspersed with sabbaticals in Pittsburgh, Oxford and Cambridge. Perceptibly, however, the NRC's enlightened research policy came under strain and eventually in 1987 several fundamental research groups were closed and the staff affected were offered other positions in the NRC. The decision to close Bas's laboratory ironically followed hard on his appointment as an Officer in the Order of Canada and led to questions in the Canadian Parliament. Bas himself was not fired but, being left without staff or budget, could not have continued working. Among several offers received he was glad to accept a Research Professorship at McMaster University, to which the NRC allowed the transfer of all of his equipment. At McMaster, Bas and Sylvia analysed their accumulated mass of fatigue data and embarked on a study of deformation at very high strains (27) with new collaborators: J.D. Embury, M.S. Szczerba and M. Niewczas. This return to a more academic environment also gave Bas a new role as an unofficial but very welcome adviser to numerous research students in McMaster and other universities of eastern Canada.
G   
Bas's determined and forthright innate character was clearly enormously boosted by his experiences in Siberia and Palestine. His exceptional practical knowledge and resourcefulness no doubt sprang from similar origins. In Oxford he was able to hone these talents as research tools as well as to improve his knowledge of English. Although writing in any language never came easily to him, the English of his scientific papers (even without Sylvia's help) cannot be faulted. A number of idiosyncrasies continued to enliven his spoken English-'taking the kids' gloves' was a remedy often suggested for some delicate problem.
He was a man of fierce loyalties, first of all to his family and friends. The mother and two younger siblings who came with him from Siberia were looked after first in Palestine and the UK with his elder brother, but later in the USA and Canada, where Bas was effectively head of the family. His own two boys were educated in Canada but, perhaps fulfilling his own earlier aspirations, each also followed a successful course at Caius College, Cambridge. Born in Oxford, Stefan studied mathematics and is now a computer software specialist. Toni, born very prematurely in Boston, is a medically qualified statistician. Bas could be an incisive critic of scientific colleagues but always respected their honest endeavours. Despite mounting frustrations, he remained loyal to his new country and was very happy to be made an Officer of the Order of Canada. He was also the first recipient of the Canadian Metal Physics Medal and, on his first return to Poland, an honorary degree from the S. Staszic University, Cracow.
His willingness to undertake all manner of ambitious construction or equipment modifications extended to domestic items such as re-machining parts of his camera, cabinet making, boat-and house-building and even the construction under his living room of a 10 m × 5 m swimming pool. In a medical emergency, a new incubator valve was machined for the premature Toni. For many years he got pleasure from using his pilot's licence but was content to hire off-the-shelf aircraft. Long before the days of on-line trading, his successful penny mining share transactions had become large enough to affect the market and he had to transfer his interest to 'normal' companies. Having instructed Sylvia in the intricacies of Polish cooking, he was inclined to leave her to it but could definitely on occasion produce an excellent cake and cooked for all Polish feasts. Any attractive dish tasted in a restaurant could moreover be perfectly reproduced at home without the need to ask for a recipe. The wine cellar was most certainly his department, particularly because the quantities required could not realistically have been obtained through the Ontario Liquor Control Board. It was a happy day when he discovered that he could join in with the Italian community in Ottawa and get grapes delivered by train from California, thus freeing himself from the local Concord variety. Loyalty to Canada had its limits! Many a guest, overcome with food and wine, found themselves staying overnight.
An experience far more remarkable than simple befuddlement awaited the diner who overstimulated his host's imagination. Any concept of an idle academic discussion divorced from practical testing was not one that Bas recognized, there being no apparent barrier in his mind between thought and action. The meal could therefore be abruptly terminated with adjournment to the laboratory where the conjecture just floated across the table would immediately be tested. Siberian deprivations might have sharpened the appreciation that Bas had for Polish cuisine, but the opportunity to tackle a fresh problem at the bench was irresistible.
A sound grasp of many of the principles of medicine seems to have been another product of the early years but, particularly after some of the difficulties experienced by his own family, Bas did not combine this with any blanket respect for the medical profession. It was therefore ironic that he found himself increasingly in the hands of doctors after a stroke in 1981 and a multiple fracture of the ankle and tibia suffered on the icy surface of the Ottawa airport car park in 1985. As an example of fortitude under extraordinarily harrowing circumstances the story of his later years could rival the experiences of his youth. What Maria did to bring him through many an early crisis was fully matched by the tireless and resourceful efforts of Sylvia in these later times.
P  
Tensile deformation and work hardening of face-centred cubic materials In pure crystals, where dislocation motion is impeded solely by the presence of other dislocations, a major problem has been to decide between rival theories attributing the plastic flow stress primarily to long-range interactions between groups of primary dislocations piled up on the most highly stressed slip plane (Friedel 1955; Seeger et al. 1957 ), or to interactions with forest dislocations on intersecting slip planes (Cottrell 1952) or to the contribution from jogs (Mott 1951 ) formed after dislocations intersect one another. For more detailed references to work of this period, see (3) . To clarify the position, Cottrell & Stokes (1955) introduced the idea of measuring for any given dislocation configuration the instantaneous (and reversible) change in flow stress after a change in deformation temperature. This procedure distinguishes the short-range obstacles to dislocation motion, which thermal activation can partly overcome and whose contributions to the flow stress therefore include an appreciable temperature-dependent component, from the long-range obstacles that contribute a flow stress independent of temperature apart from the variation contained in the elastic modulus. For changes between two given temperatures, it was found that the ratio of the two flow stresses is constant independent of flow stress (the Cottrell-Stokes law), implying proportionality between long-range and short-range forces arising from obstacles.
Bas swiftly recognized the significance of the Cottrell-Stokes law, which became a frequent reference point and source of inspiration throughout his career. He realized that it could be investigated much more easily and reliably by imposing changes in strain rate rather than by a temperature change, which cannot be accomplished so rapidly and causes changes in the dislocation configuration. Magnetic clutches incorporated in the drive mechanism of his tensile machine allowed the tenfold changes in strain rate that were typically required to be imposed virtually instantaneously. With his unrivalled low-temperature straining facilities, Bas was able to apply his approach to polycrystalline aluminium and single crystals of aluminium, copper and silver over a temperature range from 1.5 K to almost 500 K by using strain rate jumps from 10 −5 to 10 −4 s −1 . The initial result of Cottrell and Stokes, that the ratio between the temperature-dependent and temperature-independent contributions to the flow stress is effectively independent of the stress, i.e. the state of deformation, was strikingly confirmed under these much more general circumstances. As Basinski argued, this result emerges most naturally from the forest theory of work hardening in which both components come from the same obstacle. He carried the thermodynamic analysis beyond the existing concepts of activation energy and activation volume and showed how the full force-distance curve between a dislocation and an obstacle could be mapped out from such observations of the sensitivity of the flow stress to strain rate at different temperatures. Reasonable values for the range and strength of the obstacles created by forest dislocations followed from this data analysis and his concepts of strain-rate sensitivity, and the force-distance curve passed into general use. This work (3) set the standard for decades to follow and became a citation classic. Deforming magnesium crystals between 1.45 and 250 K, Bas then showed (5) that the same forest dislocation obstacles to flow and thermally activated mechanisms for overcoming them operate in both face-centred cubic (FCC) and hexagonal close-packed (HCP) metals.
The development and refinement of microscopy techniques provided vastly more detailed evidence of dislocation structure and movements in crystals through slip line measurements (Mader 1957) , etch pit studies (Livingston 1960) and, most of all, transmission electron microscopy (TEM) observations (Hirsch et al. 1956 ). In all three fields Basinski was swiftly able to master the technique at the highest level and then to push it even further, not only with his own specific innovations but most crucially and uniquely by frequently applying all these methods on the same crystals. He clung throughout to his basic philosophy of keeping things as simple as possible by working with pure single crystals and performing the deformation at low temperatures. When there were residual worries about the possible movement and escape of dislocations from the thin sections in TEM, his diffraction-contrast stereoscopic imaging technique (7) for revealing the three-dimensional arrangements in thick crystals (11) showed consistency between various sections and was very influential. Steeds (1966) independently made a detailed TEM investigation of the dislocation arrangements arising in the roomtemperature deformation of copper crystals. The similarity of the dislocation arrangements found by TEM observations in deformed copper after neutron pinning under stress (Essmann 1965) or in germanium deformed at high temperature (Alexander 1968 ) gave extra reassurance to anyone who still needed it.
The Basinskis' systematic etch pit and slip line studies (9) showed that the ratio of forest to primary dislocation density increased from ca. 1:15 in the earliest stage I of deformation to 1:1 in the linear hardening stage II. However, because of their longer slip distances the primary dislocations continued to make the dominant contribution to plastic flow and to slip lines. These longer slip distances were shown to arise from a characteristic structure of dislocations in layers lying at ca. 3°to the primary slip plane and with relatively clear regions between them. The TEM images, particularly of crystals deformed at low temperatures, clearly confirmed this structure and also disclosed a striking chopping mechanism resulting in progressively shorter dislocation dipoles with increasing flow stress that were attributed to the motion of screw dislocations on the cross-glide plane. The flow stress was better correlated with the forest dislocation density than with the primary dislocation density. Further evidence for the significance of forest dislocations in determining the flow stress in any situation came from a series of latent hardening experiments involving tensile-flow stress measurements of crystals carefully cut in a different orientation from a larger pre-deformed crystal (12) .
The Basinskis performed a painstaking study of the amount and type of secondary slip by measuring orientation and shape changes throughout the life of crystals with initial orientations over the whole stereographic triangle. They soon found that obtaining valid data depends sensitively on accurate orientation determination; lack of this accuracy is the main reason why previous attempts at such determinations yielded no meaningful results. Very briefly, they found that there is a fundamental secondary slip pattern common to all crystal orientations that is guided by internal stresses due to gliding dislocations. All components of this slip have Burgers vectors, rendering them invisible in TEM micrographs taken in the cross-glide plane reflection, explaining the denuded appearance of these images. Superimposed on this fundamental secondary slip is the externally visible slip that is due to the applied stress and is therefore dependent on orientation.
After this comprehensive effort, in which Basinski played such a leading part, the workhardening theory based on long-range stresses from piled-up groups of primary dislocations looked by 1965 to be increasingly untenable, particularly after some of its theoretical inconsistencies were exposed by Hirsch & Mitchell (1967) . An excellent review by Nabarro, Basinski and Holt (10) dealt with the experimental and theoretical position up to 1964 and became another citation classic. A more recent review (17) is perhaps even more remarkable: it was a comprehensive and scholarly account of a vast body of data, with a ruthless exposition in true Basinski style of the many experimental difficulties but also illustrated with a large number of their own beautiful and previously unpublished results.
Two further connections to the Cottrell-Stokes law can be noted. In preparation for the publication of (17), the seemingly routine scouring of the literature for reliable measurements of dislocation density s to check the usually assumed proportionality between and flow stress s was characteristically delegated to Sylvia. Her report that s seemed to scale better with r 0.43 was then seized on by Bas, who realized that the dislocation bowing stress, on which the usual relation was based, required a logarithmic correction to the line tension. Incorporation of this factor not only accounted for the trend in the data but also required the very slow increase in the Cottrell-Stokes ratio with increasing stress that had hitherto been regarded as a deviation from the Cottrell-Stokes law. Another apparent deviation observed at low stresses was investigated by Basinski and Dove in unpublished work and shown to be due to impurities. A detailed investigation of solution hardening, summarized in a single brief communication (16) , revealed the phenomenon of 'stress equivalence' whereby the mechanical properties of alloys can be entirely categorized by the flow stress at a single fixed temperature and strain rate. There is no additional dependence on the nature or concentration, c, of the solute. In fact the plateau stress was found to be proportional to c rather than to or as frequently supposed. Regrettably, the more complete publication promised on this topic never appeared. Low-amplitude fatigue deformation In his first foray into cyclic deformation (14) , Bas intended to produce a dislocation array suitable for studies of electron scattering by dislocations and internal strain fields (see below); however, the fatigued state itself emerged as a rewarding line of inquiry. A modified tensile testing machine was employed with a small auxiliary screw-driven machine built as an optical microscope attachment for in situ Nomarski observation of the near-atomic-height slip lines. Neither machine was suitable for full-life fatigue tests but they did allow study of the first few cycles until the approach of saturation. Although the initial dislocation structures formed inevitably resembled those of tensile deformation, TEM observations showed an increasing tendency for the formation of primary edge dislocations closely bunched together in a matrix of interlocking 'veins' with intervening clear regions elongated in the primary edge dislocation direction. A vivid picture of this structure was conveyed by a three-dimensional montage formed by micrographs taken from three different viewing directions, a display frequently adopted by other workers.
The scale of this matrix structure decreases with increasing cumulative strain. Slip lines show a very substantial, although not complete, reversibility within a cycle. The slip line length corresponds to the distance between obstacles within the matrix. If the strain amplitude to which the crystal has become 'trained' is exceeded by even 5%, catastrophic slip occurs. Thus, although the average dislocation density is an order of magnitude higher than would be found at the same flow stress in tension, it does not seem to be a strong obstacle and is always on the border of stability.
Bas became convinced of the need to investigate the later stages of fatigue and, despite other preoccupations, eventually built a machine that for many years was the only one capable of operating from above room temperature to 4.2 K. By then other groups (see (22)) had produced a detailed picture of the low-amplitude region at room temperature, where the saturation stress is independent of plastic strain amplitudes over the range 10 −4 to 10 −2 . The onset of stress saturation is marked by persistent slip band (PSB) formation. Thereafter all the strain is carried by PSBs, and the surrounding matrix structure is inactive. Dislocations in the PSB are arranged in a remarkable ladder structure with regularly spaced walls of dislocation dipoles lying normal to the primary slip direction. The PSB volume fraction is constant throughout saturation but varies linearly with the strain amplitude. Winter (1974) concluded that the PSB strain is constant and proposed his two-phase model, which sparked renewed interest in low-amplitude fatigue.
To obtain some variation in the saturation parameters, Basinski and co-workers fatigued crystals at different temperatures down to 4.2 K (18). The saturation stress, although still independent of amplitude over a wide range, was found to increase at lower temperatures and to vary inversely with the PSB wall spacing, d. The theoretical bowing stress for screw dislocations moving between these walls seems to account for at least 60% of the saturation stress in copper (25). Brown (1990) showed that a similar result holds in other materials. However, these computations involve residual uncertainties over the effective elastic properties of the walls and their penetrability to the edge dislocation segments that trail the screws. Evidence that the wall penetrability increases with decreasing temperature is provided by the effect of a temperature change during a fatigue test. When the temperature is decreased, the existing walls are penetrable at the higher stress level and the new more closely spaced walls are formed within the existing PSB. However, when the temperature is increased the existing walls are impenetrable and fresh PSBs have to be formed with more widely spaced walls. Resistivity measurements (24) showed that these changes of wall penetrability are correlated with changes in the dislocation density found in the walls. It was conjectured (25) that the wall dislocation density is in fact the maximum value attainable at any given temperature and that the wall penetrability, wall spacing and saturation stress all follow from this. Because the fatigue saturation stress at different temperatures equals the flow stress for the onset of stage III in tensile deformation, this too might be determined by the saturation dislocation density. The smooth temperature dependence of measured fatigue parameters suggests a single dominant operative mechanism in saturation between 4.2 and 350 K. With the use of the thermodynamic treatment developed for tensile deformation to analyse data from measurements of the temperature dependence of the flow stress and strain rate sensitivity, the activation enthalpy for the saturation mechanism is ca. 25kT, indicating the likely involvement of a dislocation mechanism.
Some further important discoveries were discussed collectively in the later major review (25). The cumulative strain to failure for a given crystal orientation was shown to be independent of fatigue amplitude. Strain in the PSB was found to be very non-uniform, with strains as much as ten times the average occurring mainly near the interface with the matrix structure. TEM observations showed the ladder structure in these high-strain regions, with a cell structure in the rest of the PSB. Removal of surface regions by electropolishing resulted in rejuvenation of the crystal with an enhanced fatigue life. Although not a new observation, this redirected attention to the important role in fatigue life of the surface structure and not simply the internal dislocation structure. The Basinskis' expertise in surface studies was then brought to bear (see, for example, (23)) on the PSB surface morphology, with novel replica methods involving lacomit varnish and Woods metal to reveal the three-dimensional structure of extrusions, true intrusions and cracks in SEM images. Even more remarkable were the images obtained by a sharp-corner polishing technique (figure 1), which allowed the development of the PSB structure to be studied at various stages of the fatigue process in a given crystal. Extremely deep intrusions were found that would be quite invisible to the SEM observations that were then widely employed. Numerous cracks grow from early in saturation until one of them reaches the critical depth for catastrophic propagation. The reasonable reproducibility of the number of cycles to failure can thus be understood on statistical grounds and the origin of the surface rejuvenation effect becomes clear. At a plastic strain amplitude of 10 −3 , the rate of growth of the deepest cracks was measured at about one Burgers vector per cycle. In addition to the detailed PSB surface structure, the overall average shape of the PSB surface was studied. The wall structure is composed of densely packed faulted dislocation dipoles of mainly vacancy type (Antonopoulos et al. 1976 ) and some theories have suggested a net expansion, i.e. bulging of the surface arising from their nonlinear strain fields. In fact PSB profiles are temperature dependent. Fatigue below 15 K yields wide, rounded bulges ca. 1 mm in height. Between 15 K and ca. 200 K, profiles are several micrometres in height and triangular in cross section. Above 300 K, profiles comprise wavy ribbon-like intrusions and extrusions with no net bulging. Fatigue is also rate dependent; an increase in cycling rate by a factor of 10 is equivalent near room temperature to a decrease in temperature of ca. 25 K. This dependence of PSB profile shape on temperature and cycling rate, particularly in the room-temperature region, might account for the continued differences in reported observations. Scattering of electrons by dislocations Bas soon took advantage of the low-temperature physics expertise at the NRC to make electron-scattering measurements in deformed crystals. The inadequacy of scattering models based on dilatation and screening charges at dislocations was confirmed, and an alternative strain-scattering semi-empirical model was developed (8) that was able to fit the data for a large number of metals by calibration against phonon scattering. Deviations from Matthiessen's rule (the simple additivity of resistivity due to dislocation and to phonon scattering) soon indicated that this picture was somewhat oversimplified in not treating the electrons on the bellies and necks of the Fermi surface separately. Here the parallel emerged with the Bragg scattering of high-energy electrons by dislocations in electron microscope samples already exploited by Bas in his stereoscopic imaging procedure (7). Joint computations with me (13) systematically studied the various approximations of diffraction contrast theory. An early example of weak-beam high-resolution imaging was noted (if not fully understood) and the first tests were made of the column approximation through which the three-dimensional wave propagation is described by simple one-dimensional computations along columns in the direction of current flow.
These suggestive, if inconclusive, ideas proved useful in interpreting the electrical resistivity and electron-scattering data. Bas was able to refine the figure for the specific residual resistivity of dislocations in copper to 10 −25 Ω m 3 , which was still too high to be explained by screening charges. Furthermore, in some stunning work with Dugdale (21) on the use of ultrapure crystals with dislocation densities as low as 10 11 m −2 (estimated by etch pit counting), this resistivity figure was shown not to exhibit the order of magnitude increase previously suggested by Gantmakher and others for the region of low dislocation density. More remarkably still, they were able to show that the resistivity varies by less than 10% with the direction of current flow, even with the highly anisotropic arrangement of parallel edge dislocations observed in fatigued crystals. This result, though incomprehensible on free electron theory, can perhaps be understood by considering neck electrons with a current flow parallel to the Bragg planes and to a dislocation line. Such electrons can still be scattered because the relevant Bragg planes are tilted, compressed or expanded near the dislocation. Essentially, the column approximation fails for these low-energy electrons. The Bragg reflection model of dislocation scattering (Watts 1988 ) is reminiscent of weak-beam microscopy arguments and uses most of the conclusions of Basinski's experiments to explain the specific dislocation resistivity values measured in different metals. Bas also made pioneering investigations of the 1000-fold greater sensitivity of de Haasvan Alphen signals to dislocations compared with phonons or point defects when present at densities corresponding to the same electrical resistivity. Tentatively we assume that dislocation resistivity arises mainly from large-angle scattering events close to the dislocation core, whereas the de Haas-van Alphen signal from electron Landau orbits is affected either by small-angle scattering or by 'dephasing', both of which can occur at greater distances from the dislocation. Dephasing occurs because a neck electron on the Brillouin zone boundary associated with the reciprocal lattice vector g will tend to track the crystal planes and thus accumulate in an orbit round a dislocation of Burgers vector b a phase change πg@b relative to an orbit that does not enclose the dislocation.
For his de Haas-van Alphen experiments (20) , Bas used crystals fatigued to saturation with a mean density of ca. 1.5 × 10 15 m −2 of primary slip dislocations arranged in a matrix structure of edge dipoles in vein-like regions of typical diameter 1.5 µm and occupying ca. 50% of the total volume. The crystals were then spark-cut into tetrahedra with {111} faces. A specially designed plastic goniometer with two rotation axes allowed each of the four 〈111〉 directions to be aligned in turn with the magnetic field to acquire signals from different orbits. Initial results (see Shoenberg 1969 ) proved hard to interpret because, at the comparatively high modulation frequency used, the skin depth was less than the sample size. Chang & Higgins (1975) reported successful experiments with crystals that had been bent and then re-straightened. Some years later on a visit to Cambridge, Bas was therefore sufficiently encouraged to make further experiments with the well-characterized fatigued crystals described above. Because the neck orbits have a Landau diameter of ca. 0.7 µm at 5 T, some of them could be fitted into dislocation-free areas and did indeed give a reasonable signal with a Dingle temperature in the range 2.5-4.3 K depending on the 〈111〉 direction used. The more free-electron-like belly orbits, with ca. 3.5 µm diameter and necessarily intersecting several dense dislocation regions, were detected with lower Dingle temperatures in the range 0.9-1.8 K, i.e. showing less scattering. Signals from {101} dog's-bone orbits, {010} rosettes and both {010} and {151} belly orbits displayed amplitudes with the expected mirror symmetry of the dislocated crystal. These experiments still suggest interesting issues for further study.
Measurement and computation of the Peierls stress Early work of Basinski and Christian (6) with the strain-rate-change technique on pure iron gave a result markedly at variance with the Cottrell-Stokes law. At a fixed temperature the change in stress for a given change in strain rate was independent of the flow stress. This suggested that the obstacles to dislocation motion were not other dislocations but were the periodic structure of the lattice, the so-called Peierls-Nabarro stress. A high Peierls-Nabarro stress was also detected in the low-temperature deformation of potassium (4). These very significant results were followed up elsewhere by experiments on other BCC metals, notably niobium, tantalum and vanadium, and it became evident from studies of dislocation distributions that the relative immobility of screw dislocations was responsible for the mechanical properties of these materials. The activation volume was measured as only a few times the atomic volume, in agreement with the Peierls-Nabarro model, and an early (unpublished) conjecture of Hirsch gave a plausible model of the screw dislocation core structure. Several computations were published, notably by Vitek and Duesbery, with semiempirical pairwise potentials arranged to simulate linear elastic properties such as elastic constants and phonon spectra; for a thorough review see Duesbery (1989) . When more realistic, first-principles potentials became available for potassium and sodium, Bas joined up with Taylor and Duesbery (15) to calculate the core structure of the screw dislocation and its behaviour under stress for those metals. Computer limitations restricted these calculations to two-dimensional situations, i.e. to dislocations at 0 K able to move under an applied stress but rigidly orientated along a prescribed lattice direction. Even so, some extremely interesting screw dislocation core structures emerged, giving some support to the Hirsch model. There was also evidence for the sensitivity of the Peierls stress to the component of applied stress normal to the slip plane. Because the generation and motion of kink pairs, which in reality govern the dislocation motion, is excluded by the rigid dislocation model, the computations gave answers for the Peierls stress about three times larger than those measured (19) . Nevertheless, the model gives the correct dependence of the Peierls stress on the orientation of the tensile axis-a point that was verified by the subsequent three-dimensional computations of Duesbery (26) . The PDP9 computer hardware and software modifications that in true Basinski style had been introduced to speed up the work were inevitably soon overtaken by the burgeoning of widely available computer power. Nevertheless, these computations clearly broke new ground, not only with the potential used but also in the sensitive use of boundary conditions. Any shortcomings in comparison with more recent work would in many cases be at least partly offset by the unusually close connection to excellent experimental data.
A
Like many more seasoned experts, when I first met Bas in 1962 I was bowled over by his achievements. There were many memorable visits to his laboratory as well as to the Basinskis' dinner table in later years. Sylvia Basinski's help in compiling this memoir has been immensely valuable, particularly in view of the characteristic absence of biographical and other material assembled by Bas himself. Before his own death, Jack Christian, F.R.S., was fortunately able to send helpful comments on an early draft. I am also indebted to Mick Brown, F.R.S., Sydney Dugdale, Frank Nabarro, F.R.S., and Peter Coleridge for their assistance.
The frontispiece photograph was taken in 1956 and is reproduced by courtesy of the National Research Council Canada.
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